We have investigated here whether a preconditioned stimulation of nicotinic and muscarinic receptors augmented the catecholamine release responses elicited by supramaximal 3-s pulses of 100 M acetylcholine (100ACh) or 100 mM K ϩ (100K ϩ ) applied to fast-perifused bovine adrenal chromaffin cells. Threshold concentrations of nicotine (1-3 M) that caused only a tiny secretion did, however, augment the responses elicited by 100ACh or 100K
THE RELEASE OF CATECHOLAMINES evoked by acetylcholine (ACh) stimulation of cat adrenal medulla chromaffin cells occurs via nicotinic (20, 21) as well as muscarinic receptors (18) . These two receptors also mediate secretion in chromaffin cells from gerbil (17) , rat (7, 62, 64) , and guinea pig chromaffin cells (54) .
However, it is intriguing that muscarinic agonists do not trigger secretion in bovine chromaffin cells (1, 4, 24, 25, 51, 55, 60, 63) . These cells certainly express muscarinic receptors, as shown by radioligand binding studies (4, 45) . Furthermore, muscarinic agonists augment cGMP levels (15, 63) , phospholipids turnover (24, 47) , inositol 1,4,5-trisphosphate (IP 3 ) (25) , and the cytosolic Ca 2ϩ concentration ([Ca 2ϩ ] c ) (10, 37, 41, 46) . On the basis of these observations, Forsberg et al. (25) suggested that muscarinic receptors may serve as an auxiliary mechanism to enhance the primary nicotinic component of ACh-induced secretion. This suggestion was based in two facts: an early increase in IP 3 levels and a 20% increase by muscarine of nicotine-evoked secretion from cultured bovine chromaffin cells. In contrast, Cheek and Burgoyne (10) observed that neither methacholine nor oxotremorine affected the secretion evoked by nicotine in isolated bovine chromaffin cells. Furthermore, Ballesta et al. (4) also observed that muscarinic agonists did not enhance nicotine-or K ϩ -evoked secretion in the perfused bovine adrenal gland. Different preconditioned mild stimuli (i.e., histamine, caffeine, small depolarizing pulses), having little effect by themselves on secretion, have been shown to augment the secretory response to a supramaximal depolarizing stimulus applied to voltage-clamped bovine chromaffin cells (61) . We have also recently shown that an ACh-conditioned prepulse augmented secretion triggered by a depolarizing pulse applied to voltageclamped bovine chromaffin cells (3) . Furthermore, a low nicotine concentration augmented vesicle motion and also K ϩ -evoked secretion in bovine chromaffin cells (13) .
Here we present a study that further extend these results and provides new clues to understand how preconditioned mild stimuli can augment the release of catecholamines triggered by brief pulses of supramaximal concentrations of ACh and K ϩ applied to fast-perifused bovine adrenal chromaffin cells. We used nicotinic receptor agonists (ACh, nicotine, choline, epibatidine), muscarinic agonists (methacholine), mixed muscarinic-nicotinic agonists (oxotremorine-M), and high K ϩ as conditioned stimuli. A preliminary short account of those results has been given in a scientific meeting on cholinergic mechanisms (59) .
MATERIALS AND METHODS
Isolation and culture of bovine chromaffin cells. Bovine chromaffin cells were isolated from adrenal glands of adult cows, following standard methods (42) with some modifications (50) . Cells were suspended in Dulbecco's modified Eagle's medium (DMEM) supplemented with 5% fetal calf serum, 10 M cytosine arabinoside, 10 M fluorodeoxyuridine, 50 IU / ml penicillin, and 50 g/ml streptomycin. For catecholamine secretion experiments, cells were plated on 60-mm diameter plastic Petri dishes at a density of 10 6 cells/ml (5 ml/dish). Cells were kept for 2-6 days at 37°C in a water-saturated incubator with a 5% CO 2-95% air atmosphere. After 24 h, the medium was replaced by serum-free fresh medium and subsequently changed every 2 days. All experiments in this study were performed at room temperature (24 Ϯ 2°C).
On-line measurement of catecholamine release from bovine chromaffin cell populations. Cells were scrapped off carefully from the bottom of the Petri dish with a rubber policeman and centrifuged at 120 g for 10 min. The cell pellet was resuspended in 200 l of Krebs-HEPES (composition in mM: 144 NaCl, 5.9 KCl, 1.2 MgCl 2, 2 CaCl 2, 11 glucose, and 10 HEPES; pH 7.4). Cells were introduced in a 100 l-microchamber for their superfusion at the rate of 2 ml/min. The liquid flowing from the superfusion chamber reached an electrochemical detector model Metrohn CH-9100 Hersau, placed just at the outlet of the microchamber, which monitors on line the amount of catecholamines secreted under the amperometric mode (6, 34, 40) .
Cells were stimulated to secrete with short pulses (3 s) of a Krebs-HEPES solution containing 100 M ACh (100ACh) or 100 mM K ϩ (100K ϩ ) with isoosmotic reduction of Na ϩ before or after cell perifusion with threshold concentrations of nicotinic and muscarinic receptor agonists. Solutions were rapidly exchanged through electrovalves commanded by a computer. This amperometric strategy permits the on-line recording of reproducible catecholamine release responses during long-time periods of 30 -60 min (9, 14) .
Materials and solutions. The materials used were the following: collagenase from Clostridium histolyticum was from BoehringerMannheim (Madrid, Spain); Dulbecco's modified Eagle's medium (DMEM), bovine serum albumin fraction V, fetal calf serum, and antibiotics were from GIBCO (Madrid, Spain). Nicotine was from Calbiochem (La Jolla, CA). ACh, choline, oxotremorine-M, and methacholine were from Sigma (Madrid, Spain).
Statistics. Pooled data are shown as means Ϯ SE. Differences between means of group data fitting a normal distribution were assessed by using Student's t-test or ANOVA. A P value equal or smaller than 0.05 was taken as the limit of significance.
RESULTS

Reproducible catecholamine release responses evoked by repeated pulsing with supramaximal concentrations of ACh or
Kϩ. The amperometric mode was used to measure on-line in real time the rate of catecholamine release from bovine chromaffin cell populations (around 5 million cells per experiment) trapped in a microchamber and fast-perifused with a Krebs-HEPES solution containing 2 mM Ca 2ϩ . In each experiment, cells were initially perifused for a 5-to 10-min period to allow the stabilization of basal secretion (around 10 nA). Accumulating experience in our laboratory shows that these cells give highly reproducible amperometric secretory responses upon repeated pulses applied at regular intervals, using solutions containing supramaximal concentrations of ACh or K ϩ (9, 43, 49) . We recoursed to 3-s pulses of solutions containing 100 M ACh (100ACh) or 100 mM K ϩ (100K ϩ ), which in a previous study were found to fully deplete the ready-releasable vesicle pools under these experimental conditions and produced a maximal peak secretory response (9) . Furthermore, we sought ACh and K ϩ pulse durations producing similar secretory responses to facilitate comparisons between these two secretagogues. The initial secretory spike amplitudes produced by 3-s pulses of 100ACh or 100K ϩ were quite variable from cell culture to cell culture (between 100 to 400 nA), although they were quite reproducible within the same cell culture. Figure 1A shows a prototype experiment using repeated 3-s 100ACh pulses given at 5-min intervals. Note that the peak of the initial secretory spike of 200 nA was maintained fairly constant along the experiment (12 pulses, 60 min). In the case of the 100 K ϩ pulses (3 s duration, 5-min intervals), the initial secretory spike was around 350 nA in amplitude. Successive pulses produced higher secretory spikes of up to 500 nA that decayed afterwards to around the initial values at the end of the experiment (Fig. 1B) . Figure 1C shows pooled results from experiments done with the protocols of Fig. 1, A and B. Note that the K ϩ pulses produced slightly higher secretory responses and that they are fairly stable along the experiment. The 100ACh-evoked responses had initial amplitudes similar to those of K ϩ ; however, they decayed by 25% at the end of the experiment likely due to desensitization of nicotinic receptors (12, 32) .
Search of a threshold nicotine concentration causing little secretion itself, but being capable of eliciting an augmentation of catecholamine release responses elicited by pulses of 100ACh or 100K ϩ . Fig. 1 . Reproducible catecholamine secretory responses evoked by the repeated application of test pulses of 100 M acetylcholine (100ACh) or 100 mM K ϩ (100K ϩ ) given to the same batch of cells. Cells trapped in a microchamber (5 million) were initially perifused with a Krebs-HEPES solution containing 2 mM Ca 2ϩ for a 5-to 10-min equilibration period. Once a stable basal catecholamine release was reached (at about 10 nA), cells were stimulated with Krebs-HEPES containing 100ACh pulses or 100K ϩ pulses (low Na ϩ ) given for 3 s at 5-min intervals. A: prototype spike secretory responses evoked by 100ACh pulses expressed in nA of current generated by catecholamine oxidation (ordinate); B: similar experiment but using 100K ϩ pulses as segretagogue. C: total secretion of each individual spike was measured by calculating the area under the curve (AUC) and was expressed in nA ⅐ s (C). These values were then normalized and expressed as percentage of the initial response (1 st pulse) in each individual experiment (ordinate). Pooled data were expressed as means Ϯ SE. *P Ͻ 0.05 compared with the corresponding initial pulse of K ϩ or ACh, respectively.
In adrenal chromaffin cells, the physiological catecholamine release response is mainly produced through the activation of nicotinic receptors for ACh (21) . This is the reason why nicotine, a pure agonist, has been the most widely used secretagogue to study catecholamine release from intact adrenal glands or cultured chromaffin cells for the last 50 years. Our laboratory also has a long-standing experience in the use of nicotine to study Ca 2ϩ signaling and exocytosis in adrenal glands and cultured chromaffin cells (31) . In this study we used various secretagogues; however, because of the above reasons, we studied more thoroughly the effects of nicotine on the secretory responses elicited by 100ACh or 100K ϩ pulses. Figure 2 presents four traces obtained with cells from the same culture. Cells were repeatedly challenged with ACh pulses; the initial four pulses were given in the absence of nicotine to monitor the amplitude of secretion responses that had initial amplitudes of 100 -150 nA. At 0.3 M, nicotine caused a tiny elevation of baseline secretion and augmented slightly the response elicited by the ACh fifth and sixth pulses ( Fig. 2A) . Again, 1.5 M nicotine caused a tenuous baseline elevation and doubled the response to the fifth and sixth ACh pulses. During the following ACh pulses given in the continued presence of 1.5 M nicotine, the responses declined gradually to become smaller than the initial responses at the last ACh pulse (Fig. 2B) . At 3 M, nicotine caused a slowly developing mild increase of secretion (about 25 nA above baseline) and 3.5-fold augmentation of ACh responses. Again, enhanced responses obtained in the continued presence of 3 M nicotine started to decline to levels below the initial responses (Fig. 2C) . Finally, 10 M nicotine caused a sharp and rapid secretory response that reached 250 nA. The three ACh pulses given in the continued presence of 10 M nicotine produced tiny secretory spikes superimposed on this large secretory response. Nicotine washout allowed the recovery of the response to ACh at the end of the experiment (Fig. 2D) .
Facilitation of ACh-evoked secretion by threshold concentrations of nicotine could be linked to an interaction of both agonists on nicotinic receptors (66) . Therefore, we felt it appropriate to explore whether nicotine affected the catecholamine release responses elicited by repeated 100K ϩ pulses; high K ϩ causes secretion (19) through cell depolarization (52) and opening of voltage-dependent calcium channels (VDCCs) (23) without intervention of nicotinic receptors. Figure 3 displays the original secretion traces from example experiments made with four nicotine concentrations. The initial responses to 100K
ϩ oscillated between 200 and 400 nA about doubled those of 100ACh pulses. At 0.3 M, nicotine did not enhance baseline secretion or the responses to 100K ϩ (Fig. 3A) . At 1.5 M, nicotine caused a meager baseline elevation and nearly doubled the 100K ϩ response; again, the enhanced secretion declined gradually to reach initial response values at the last four 100K
ϩ pulses (Fig. 3B) . At 3 M, nicotine caused a gradual scanty elevation of baseline secretion (around 30 nA) and augmented the 100K ϩ response nearly threefold, which declined quickly to the initial pre-nicotine levels (Fig.  3C) . Finally, at 10 M, nicotine caused a large secretion to near 500 nA. In contrast to 100ACh, the response to 100K nicotine had no effects on 100ACh-and 100K ϩ -evoked responses (Fig. 4A) . These responses were significantly enhanced by 1.5 M nicotine (1.8-fold, Fig. 4B ) and 3 M nicotine (2.5-fold, Fig. 4C ). The decline of the secretory responses to 100ACh and 100K ϩ after the initial peak was similar when using 1.5 M nicotine (Fig. 4B) . However, in the experiments performed with 3 M nicotine, the decline of 100ACh responses was more pronounced than the decline underwent by the 100K ϩ responses. In fact, during the last four pulses, the 100ACh responses had lower amplitudes than the initial responses (Fig. 4C) . With 10 M nicotine, the 100K ϩ responses augmented initially about 2.3-fold and then quickly declined to pre-nicotine levels (Fig. 4D) .
To summarize, threshold nicotine augmented the secretory responses evoked by 100ACh and 100K ϩ pulses in a concentration-dependent manner (Fig. 4E) . Decline of such augmented responses was also concentration dependent, being more pronounced at the higher nicotine concentrations, particularly for 100ACh pulses. This may be due to a time-dependent desensitization of the nicotinic receptors by threshold nicotine (53) . Since 3 M nicotine caused little secretion by itself but evoked the maximal augmentation of secretion responses to 100ACh and 100K ϩ pulses, we chose such concentration for further experiments.
Time and Ca 2ϩ dependence of the potentiating effects of nicotine: involvement of nicotinic receptors. Augmentation of secretion by nicotine required time to develop. In fact, coapplication of 3 M nicotine with the 100ACh pulse provided catecholamine release responses (250 nA, mean amplitude in 7 experiments) that were similar to control responses. Thus nicotine had to be preperifused before challenging with 100ACh pulses to see an augmentation of secretion. Figure 5A shows the time course of such enhanced secretory responses that required about 30 s of nicotine exposure for half-maximal potentiation and about 1.5 min to reach a maximal potentiation.
We also considered interesting to test whether the facilitatory effects of threshold nicotine disappeared upon nicotine washout. To show up the nicotine-enhancing effects, the compound was given for 2.5 min before challenging the cells with 100ACh or 100K ϩ pulses. As shown in Fig. 4C , under these conditions catecholamine release was enhanced by 2.5-fold. Such increase disappeared after nicotine washout with an approximate half-time (t 1/2 ) of a minute. The augmented secretion fully disappeared after 2-min nicotine washout with both 100ACh or 100K ϩ pulses (Fig. 5B ). That threshold nicotine was acting on nicotinic receptors to develop its enhancing secretory effects was proven through the use of the classical nicotinic receptor blocker mecamylamine (44) . By itself, mecamylamine (10 M) had no effect on the 100K ϩ -evoked secretory responses, which were potentiated 2.5-fold by threshold nicotine. When cells were exposed to combined mecamylamine and nicotine, the enhancing effects of nicotine did not appear (Fig. 5C) .
Another feature of the augmentation of secretion relates to its Ca 2ϩ dependence. In the experiment shown in Fig. 5D , 3 M nicotine was given in the absence of Ca 2ϩ (nominal 0 Ca 2ϩ Krebs-HEPES solution); cells were exposed to Ca 2ϩ (2 mM) only during the 3 s of the 100ACh or 100K ϩ pulses. In 0 Ca 2ϩ , the secretory responses to 100ACh or 100K ϩ decayed to about 50 -60%; when given in a nominal 0Ca 2ϩ solution, nicotine did not enhance the responses to 100ACh or 100K ϩ pulses. To summarize, the facilitation of secretion by a low nicotine concentration requires about a minute to develop and lasts about a minute to disappear; hence it is a time-and Ca 2ϩ -dependent reversible phenomenom linked to threshold stimulation of nicotinic receptors.
Effects of threshold concentrations of ACh, choline, oxotremorine-M, epibatidine, and K
ϩ on the secretory responses evoked by 100ACh of 100K ϩ pulses. It was of interest to know whether threshold stimulation of cells with other cholinergic agonists or with a mild elevation of the K ϩ concentration also augmented the secretory responses elicited by 100ACh or 100K ϩ pulses. ACh, the physiological neurotransmitter at the splanchnic nerve-chromaffin cell synapse (22) , augmented the 100K ϩ -elicited secretion by as much as 2.5-fold (Fig. 6A) ; at the concentration used (10 M), ACh itself did not augment baseline secretion. At 1 mM, the selective ␣7-nicotinic receptor agonist choline (28) caused a tiny and transient elevation of baseline secretion; however, choline augmented 2.2-fold the secretory responses to 100ACh and 100K ϩ (Fig. 6B) . It was curious that in the presence of choline, the secretion responses to 100ACh (but not those to 100K ϩ ) declined below the levels of initial secretion.
In time-restricted experimental conditions (i.e., exposure to muscarinic agonists for 30 -60 s), Forsberg et al. (25) reported an augmentation of secretion triggered by a subsequent stimulus applied to incubated bovine chromaffin cells. Hence, we also tried two muscarinic agonists in the present experiments with fast-perifused bovine chromaffin cells. For instance, at 30 and 100 M, methacholine did not augment baseline secretion nor the responses to 100K ϩ or 100ACh pulses (not shown). We also recoursed to oxotremorine-M, a nonselective muscarinic receptor agonist (26) . At 30 M, oxotremorine-M caused a meager elevation of baseline secretion and augmented 2.5-fold the secretory response to 100K ϩ . This potentiation disappeared quickly despite the continued presence of oxotremorine-M (Fig.  6C) . It is dubious that this effect of oxotremorine-M can be attributed to muscarinic receptors, since this compound also activates the nicotinic receptors of bovine chromaffin cells (57) .
We finally explored whether a mild elevation of the K ϩ concentration could mimic the potentiating effects of 3 M nicotine. When exposed to 17 mM K ϩ under current-clamp conditions, the bovine chromaffin cell undergoes a 10-mV depolarization (52), a figure similar to that obtained with 3 M nicotine. At 17 mM, K ϩ caused a mild but sustained baseline secretion and augmented by 1.4-fold the secretion response to 100ACh pulses. This enhanced secretion declined to initial levels in subsequent 100ACh pulses (Fig. 6D) .
To summarize, as nicotine, various nicotinic receptor agonists (including 10 nM epibatidine, not shown) augmented the secretory responses to 100ACh and 100K ϩ pulses; pure muscarinic receptor agonists did not augment such responses. A mild elevation of the K ϩ concentration augmented the 100ACh responses to a lesser extent compared with nicotinic agonists.
DISCUSSION
The central finding of this study is that a mild preconditioned stimulation of nicotinic receptors augments 2-to 3.5-fold the subsequent secretory responses to supramaximal stimuli applied to chromaffin cells. This finding can be formulated in an alternative way: a fully resting cell responds to a supramaximal stimuli with a moderate exocytotic response; however, a mild threshold preconditioning stimulation that causes only a minor resting discharge of catecholamines drives the cell into an hyper-responsive state that leads to considerable augmentation of secretory responses to supramaximal stimuli.
Our findings fit well with the model of Heinemann et al. (39) , which predicts that once depression of secretion evoked by supramaximal depolarizing stimuli occurs, the pool of release-ready granules should recover within one to several minutes; such recovery is accelerated with manipulations causing mild elevations of [Ca 2ϩ ] c ; i.e., with histamine to release Ca 2ϩ from the endoplasmic reticulum or with slight depolarization to around Ϫ35 mV to induce a moderate Ca 2ϩ entry through Ca 2ϩ channels. The manipulations were done around a minute before the application of the supramaximal depolarizing stimuli to allow vesicle load of the ready release pool (RRP) with new vesicles (61) . Our experiments using threshold nicotine also show a time-dependent overfilling of the RRP (t 1/2 of around a minute), as suggested by the time-dependent augmentation of the secretory responses to 100ACh pulses (Fig. 5A) . The reversibility of such enhanced responses by washout of threshold nicotine (Fig. 5B ) agrees with the idea that vesicle undergo a bidirectional flow between the different pools (see Fig. 1 in Ref. 58 ). This implies that to keep the RRP loaded with sufficient vesicles, chromaffin cells must be in a continuous, low-intensity active state.
The next question relates to the cholinergic receptor involved in the augmentation of secretion by threshold ACh, which activates nicotinic receptors (20) as well as muscarinic receptors (18) to cause the release of catecholamines at the adrenal gland. We favor nicotinic receptors because 1) mecamylamine prevented the potentiation of secretion by threshold nicotine (Fig. 5C) ; 2) threshold concentrations of nicotinic receptor agonist other than nicotine (i.e., choline, oxotremorine-M, epibatidine) also caused potentiation of secretion; and 3) methacholine, a pure muscarinic receptor agonist (27) , did not augment secretion.
The mechanism through which threshold nicotinic receptor stimulation might enhance secretion triggered by 100ACh or 100K ϩ pulses may involve various targets. For instance, the nicotinic receptor may undergo competitive potentiation by two coagonists (66) . This mechanism could explain the potentiation by threshold nicotine of the responses to 100ACh pulses. However, three observations are incompatible with this explanation: 1) the coapplication of threshold nicotine with 100ACh did not potentiate the secretory response elicited by 100ACh alone; 2) threshold nicotine also potentiated the responses to 100K ϩ , which are unrelated to nicotinic receptors; and 3) 1-2 min pretreatment with threshold nicotine were required to develop augmentation of the secretory responses to 100ACh pulses. These data support the view that mild stimulation of nicotinic receptors requires time to overload the secretion machine with vesicles ready to be released by the supramaximal test pulses of 100ACh or 100K ϩ . The experiments where cells were pretreated with threshold nicotine in a solution deprived of Ca 2ϩ showed that Ca 2ϩ entry into the cells was required for the development of potentiation (Fig. 5D) . The pathway for external Ca 2ϩ to enter the cell under threshold stimulation is unclear. However, we can make a guess from the following data. Mild stimulation of nicotinic receptors was about threefold more efficacious than stimulation with slight elevations of K ϩ (Fig. 6 ). This suggests that the nature of the preconditioned threshold stimuli is relevant to augmentation of secretion; thus, Ca 2ϩ entering the cell during threshold stimulation of nicotinic receptors seems to be more efficacious than Ca 2ϩ entering the cell through VDCCs during stimulation with a mild elevated K ϩ concentration. That Ca 2ϩ can enter cells through nicotinic receptor ion channels have been shown in the cat adrenal (20) , bovine chromaffin cells (3, 29, 48) , and PC12 cells (38) . Zhou and Neher (65) showed that Ca 2ϩ entry through nicotinic receptors of bovine chromaffin cells was about 2.5% of the total AChinduced current. This figure may be more relevant considering that in addition to the major population of ␣3␤4 nicotinic receptors, ␣7-nicotinic receptors that are highly permeable to Ca 2ϩ ions (56) are also expressed in bovine chromaffin cells (8, 30) . It is interesting that at low concentrations, the selective ␣7-nicotinic receptor agonist choline augmented more than twofold the secretory responses to 100ACh or 100K ϩ pulses (Fig. 6B) . Ca 2ϩ -induced Ca 2ϩ -release (CICR) from the endoplasmic reticulum has been described in bovine chromaffin cells (2) . This mechanism can be activated by Ca 2ϩ entry through VDCCs in these cells (2) . However, Ca 2ϩ entering through nicotinic receptor ion channels also activates the CICR pathway (11, 16, 35, 36) . These possibilities will be explored in our laboratory in future experiments. We do not know the transduction mechanism leading to augmentation of secretion by threshold nicotinic receptor stimulation. One possibility is linked to Ca 2ϩ -dependent activation of munc proteins that play a role in vesicle/translocation docking and in the regulation of the final steps of exocytosis (5, 33) .
We propose a hypothesis to explain our experiments in a physiological context in the intact animal. In basal conditions, the adrenal medulla chromaffin cells are being continuously stimulated by low-frequency discharge of the sympathoadrenal axis at 0.1-0.2 Hz. This in vivo stimulation pattern is mimicked by our in vitro threshold stimulation of nicotinic receptors that causes a meager elevation of catecholamine release and prepares the secretory machinery for greater responses. Under stress, the sympathetic nerves maximally discharge at 20 -30 Hz to activate, in few seconds, a pronounced catecholamine release and prepare the body for the "fight or flight" response. This situation is mimicked by our in vitro experiments in chromaffin cells that are being challenged with 100ACh or 100K ϩ pulses and were previously preconditioned with threshold nicotinic receptor stimulation.
In conclusion, we have discovered that preconditioned stimulation of nicotinic receptors (but not of muscarinic receptors) causes a drastic Ca 2ϩ -and time-dependent augmentation of catecholamine release responses elicited by supramaximal stimuli of ACh or K ϩ applied to bovine chromaffin cells. This suggests a hypothesis implying: 1) that continuous low-frequency sympathetic discharge places chromaffin cells in a permanent hypersensitive state; and 2) this allows an explosive secretion of catecholamines by high-frequency sympathetic discharge during stress.
